Nuclear DNA from the slime mould Phvsarum polvcerhalum is shown to contain interspersed inverted repeat sequences, such that denatured fragments of DNA containing pairs of these sequences form intra-chain duplexes under appropriate conditions. The organisation and distribution of the nucleotide sequences responsible for the formation of foldback structures in Phvsarum DNA have been investigated using the electron microscope. The majority of foldback duplexes have sizes ranging up to 800 base pairs, and about 60-80% of DNA molecules 2.2 x 104 bases in length contain interspersed foldback elements. The size of individual foldback duplexes, and also the length of the intervening sequences which separate them, are non-random. The results can best be explained by a model in which separate foldback foci in Phvsarum DNA are spaced periodically at regular intervals. The regions containing foldback foci are thought to contain smaller, tandemly-arranged sequences of discrete sizes, in some cases related to other nucleotide sequences of a similar nature in the same locality in Phvsarum DNA.
, and the sequences forming foldback duplexes are widely distributed amongst single-copy sequences 2 .
Lower eukaryotic organisms such as the slime moulds Phvsarum rolvcenhalum and ,Dictvostelium discoideum have proved useful as model systems in the study of biochemical changes which occur during the cell 'cycle' or differentiation. Consequently, it is of interest to know whether the kinds of mechanism which operate in these organisms to control the expression of-genetic information are directly comparable to those in animal cells. Similar to higher eukaryotic organisms, nuclear DNA both from Dictvostelium and Phvsarum contain repetitive sequences 7,8 . Accordingly, due to the recognised importance of repetitive sequences in eukaryotic DNA as potential control elements in gene expression in animal cells, experiments have been carried out in our laboratory to characterise the repetitive component in Physarum nolvcephalum nuclear DNA.
In our previous studies 9, 10 , it has been shown that the character of Phvsarum foldback duplexes is very similar 11 to the corresponding fraction from human DNA 1
In the present report we have extended this earlier work and determined the distribution of foldback duplexes in longer chains of Physarum DNA using the electron microscope. The majority of these longer chains of Phvsarum DNA contain foldback structures, many containing multiple foldback foci. Successive foldback duplexes are separated by intervening sequences of unexpectedly uniform lengths, suggesting that the interspersed sequences from which they are derived are located at regular intervals throughout a substantial proportion of the Physarum genome.
MATERIALS & METHODS

Growth of Physarum cultures
The macroplasmodial form of Phvsarum polvcephalum was used in this study, and was grown on filter papers over growth medium as described previously 9, except that in the present work the Colonia Leicester (CL) strain of Phvsarum was used 12 * The organism was a generous gift from Dr. J. Dee, Department of Genetics, University of Leicester, U.K.
Labelling and isolation of DNA Labelling of DNA in macroplasmodia was carried out by the addition of 2 gCi of [methyl-3H]thymidine/ml (specific activity 20 Ci/mol) to the growth medium, as described previously 9. Nuclei were isolated from G2-phase plasmodia following the third post-fusion mitosis in the presence of [3H]thymidine, using the method of Mohberg and Rusch 13
Plasmodia were homogenised for 30 s at low speed using an Ato-Mix blender fitted with a Polytron BEW-5 head (Bronwell Scientific Inc., Rochester, N.Y.) mounted in an MSE 800 ml stainless steel chamber.
Isolated nuclei from five macroplasmodia were suspended in 5 ml of lysis buffer containing 30 mM NaCl, 10 mM EDTA and 50 mM Tris-HCl, pH 8.0. Sarkosyl NL was added to a final concentration of 1%(v/v) followed by 200 9g Proteinase K/ml. The mixture was then incubated at 450C overnight.
The total volume was increased to 10.5 ml by the addition of lysis buffer, then analytical grade CsCl was added to give a final density of 1.710 g/ml. The 
RESULTS & DISCUSSION
In a previous report 9 it was not possible from the available data to determine whether foldback foci in Phvsarum DNA were located randomly or arranged in clusters in the genome, in the latter case in accord with the distribution of foldback sequences determined for some higher organisms2 . The approach to the problem adopted in this present study has been to investigate the distribution offoldback foci in longer single chain DNA fragments.
In our hands it has proved difficult to isolate native DNA from Phvsarum cultures completely free of hidden single chain breaks. When DNA from our preparations is denatured, single chains with a wide spectrum of lengths is obtained, such that the proportion of usefully long DNA molecules containing multiple foldback foci is small. In the present work this difficulty has been overcome by the selection of long single chains of Phvsarum DNA by alkaline sucrose gradient fractionation, as described in experimental methods. Appropriate gradient fractions were pooled, neutralised and spread for observation in the electron microscope after annealing had taken place to an estimated Cot value of 0.1 mmol s/l, which is expected to allow'the formation of foldback duplexes but preclude significant 9 annealing of intermolecular complementary sequences Figure 1 A-D.
One of the problems associated with experiments of this type is that it is difficult to extend very long to the number of hairpins observed Physarum nuclear DNA was fractionated on alkaline sucrose gradients and prepared for electron microscopy as described in experimental methods. The data shown were obtained from 578 structuresfrom a fraction containing molecules with an average chain length of 22,000 t 4700 bases, determined from the chain length of 40 molecules traced at random from electron micrographs. Examples of unlooped and looped hairpins are shown in Figure 1A and Figure 1B Figure 2a shows the frequency distribution of hairpin loop lengths measured from looped hairpins on traceable molecules classified in Table 1 . Similarly, Figure 2b shows Table 1 .
Ordered arranaement of foldback sequences in Phvsarum DNA
The results presented in Figure 2 clearly show that the distribution of measurements for loops and interhairpin distances is non-random. The periodicities evident from the data suggest that the nucleotide sequences forming foldback structures are spaced at regular intervals in segments of Phvsarum DNA. Figure 3 shows schematically the interpretation of the observed periodicities.
The first period, 0-700 bases in Figure 2b , is represented in Figure 3 by a /00 base-long segment indicating a region of high probability of locating two separate sequences each capable of independently forming adjacent foldback foci with their respective complementary inverted sequences. Using the same approach the second period, 900-2100 bases from Figure 2b , is shown as representing cases where separate segments of DNA of equal size, 600 bases [(2100-900)/2] each have a high probability of containing a foldback sequence, and these are separated from each other by a 900 base-long spacer segment devoid of foldback duplexes. However, to be consistent with the data the 900 base intervening element could be located at any point within the 2100 base boundary. The longer-range, 2500-3700 base and 3800-5600 base periods in Figure 2b are interpreted in a similar manner, shown in Figure 3 .
It can also be seen that the most probable lengths for loops in looped hairpins (Figure 2a) form a set of similar, overlapping periodicities, also shown in Figure 3 . In contrast to the data for interhairpin distances, however, 
.).
A model for the sequence oraanisation of Phvsarum DNA Phvsarum foldback duplexes are shown here to form discrete collections of lengths, longer duplexes seemingly consisting of reassociation registers forming an arithmetic series of lengths differing by multiples of about 60 base pairs. If the analysis is correct, then it follows that the separate sequences from which foldback duplexes are derived have a similar periodic nature. A model sequence arrangement which can simply, and most satisfactorily account for this observation assumes that foldback duplexes might be formed from sequences which are composed of smaller tandemly-arranged units, each unit being of a common size of around 60 bases in length. An illustration of the model is shown in Figure 5 Figure 5 it is supposed that the intervening sequences forming the longer periodicities shown in Figure 3 need not be devoid of additional R-regions to be consistent with the data. These additional R-regions would have to be unable to form hairpins with neighbouring R-regions, as illustrated in Figure 5 Figure 3 overlap with the 900-2100 base period. A further consideration which lends credibility to the above idea isthat some hairpin structures contain secondary hairpin duplexes spaced along the single chain loops of some looped hairpins, as shown in Figures 1B and 1D .
To be consistent with the data analysis in Figure 3 most R-regions in native DNA might be expected to have lengths in the range 0-800 base pairs. Reference to Figure 4 shows that the size of most of the hairpin duplexes are in accord with this estimate. However 
